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Study on Microstructure and Hardness of Hard Alloy Powder Layer
Inserted by Molten Cast Steel
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Abstract

In order to improve wear resistance of cast steel, hard alloy powder layer was inserted by
molten cast steel at 1843K. The vertical cross-section of the inserted layer was examined on the
microstructure and the hardness. The results obtained are as follows. Sound inserted layer of 3
mm in thickness was confirmed to be formed without any defects on the surface of cast steel.
A reaction layer with some lump shaped particles was formed in the interface between the inserted
layer and the mother metal (cast steel). The lump shaped particles were identified to be Fe;W,C
phase which had a cubic structure with a lattice constant of 11.1094X 10 %cm. The particles were
considered to be formed by a reaction between the Co bond phase dissolving WC in hard alloy
powder and the molten iron dissolving low concentration of C in molten steel. The hardness of
cast steel was about Hv300, while the inserted layer exihibited high hardness of Hv600 to 800.
Especially, the reaction layer showed peak hardness of Hv1800, but the layer was not brittle. The
toughness of the reaction layer was considered to be due to a mixed structure of tough bainite and
retained austenite around the hard Fe;W.C particles. The present method using the inserted hard

alloy powder layer is therefore to be very effective one for local hard facing of cast steel.
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Figure 1 Mold for hard facing of cast steel.
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Figure 2 Typical macrostructure of the specimen of CR=
3 %.

Figure 3 Typical microstructure of bonding region in the
specimen of CR= 3 %.
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Figure 4 Vickers hardness of inserted layer and
mother metal in the specimens of CR=3,
4.5,6and 7.5%.
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Figure 5 SEM cross-sectional image and EPMA in the specimen of CR=4.5%, which shows (a) SEM image,
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Table 1 Intensity of characteristic X-rays of lump shaped

particles, WC particles and reference materials.

Intensity of characteristic X-rays (cps)

w Fe C
lump shaped particle 1 2219 3987 344
” 2 2244 4095 366
/7 3 2260 3995 324
WC particle 1 2983 660 1214
Vi 2 2913 824 1164
reference material W 3229 — —
V4 Fe — 12468 —
. , o 7 C — — 18481
Figure 6 Microstructure of large lump shaped particles in
bonding region etched by potassium ferricyanide
solution.
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Figure 7 Microbeam X-ray diffraction peaks for (a), (b) of regions including large lump shaped particles,
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(c) FesWsC, (d) Mo and (e) WC.
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Table 2 Results of quantitative analysis for lump shaped

particles.
w Fe
relative ratio of relative ratio of
characteristic | mass% | atomic% characteristic | mass% | atomic%
X-rays X-rays
lump shaped particle 1 0.687 73 47 0.320 25 53
” 2 0.695 74 1 47 0.328 26 53
” 3 0.700 75 | a8 0320 25 52

Table 3 Lattice spacings for region 1, 2 in reaction
layer and reference materials of WC, Fe;W,C

and FeGWGC .

(X 10°%cm)
wC Fe;W5C FegWsC lattice Lattice lattice
P6m2 Fd3m Fd3m plane | Region1 | constant | Region2 | constant
a=2.9062 | a=11.1094 | 2=10.958 | (hkl) for Fd3m for Fd3m

C=2.8378
(25-1047) | (41-1351) | (23-1127)
2.1380 2.1000 511 2.1323 11.08 2.1417 11.13
1.9639 1.9340 440 1.9588 11.08
1.8840 1.8800 1.8802
1.8516 1.8200 442 1.8608 10.85
1.7566 1.7270 620 17514 11.08 17515 11.08
1.6748 1.6460 622 1.6681 11.07
1.5556 1.5320 551 1.5515 11.08
1.4540 1.4529
1.4463 1.4260 553 14421 11.08
13572 1.3380 733 1.3540 11.08
1.3093 1.2900 822 1.3061 11.08 1.3080 11.10

1.2940 1.2917 1.2934
1.2360 1.2361 1.2356
1.2194 1.2020 911 1.2166 11.08
1.1510 1.1495 1.1504

1.0894 1.0740 862 1.0867 11.08 1.0902 1112
1.0740 1.0590 773 1.0714 11.08
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Figure 8 Typical SEM image of reaction layer in the
specimen of CR= 3 %.
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Figure 9 Phase diagram for tungsten steel iso-thermally
transformed at 973 K (Ref. 12).
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